WO FIELD experiments were conducted at Ismailia Exp. Sta., Agric. Res. Centre, Egypt, in 2007 /2009 seasons to study the effect of foliar application of copper sulphate (CuSO 4 ) and magnesium sulphate (Mg) on growth, yield and grain quality of wheat (Triticum aestivum L. cv. Sakha 94) under sandy soil conditions. The results indicated that foliar application of 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed produced the highest values of growth attributes such as plant height, tillers/m 2 , flag leaf area, chlorophyll contents and dry matter/m 2 . The highest positive significant effects on spike/m 2 , spike length, no. of grains/spike, grains weight/spike, 1000-grains weight, grain yield/fed and straw yield/fed were achieved by spraying copper sulphate and magnesium sulphate treatments. The highest increment in grain yield was obtained by spraying wheat plants by 1.68 kg CuSO 4 /fed. Results also showed that the most of both macro and micronutrients content in wheat shoot increased markedly due to spraying wheat plants with 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed. On the other hand, the highest wheat grains content of protein, N, Mg, Cu and Zn contents (15.45 %, 2.65 %, 0.35 %, 7.90 ppm and 54.40 ppm, respectively) were achieved with spraying wheat plants by 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed. However, spraying wheat plants with 0.84 kg CuSO 4 /fed gave the highest grain carbohydrate percentage (69.33 %). Spraying wheat plants with 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed gave the highest magnesium, copper and Zn content (0.28 %, 3.80 ppm and 46.20 ppm, respectively) in wheat straw as compared with unsprayed plants. The correlation coefficient between wheat yield and number of spike/m 2 , 1000-grains weight and harvest index was highly positive significant (0.953**, 0.895** and 0.826**, respectively) under this conditions.
consumption partly due to over growing population and hence, consumption. The intensive competition between wheat and winter clover and sugar beet during the winter season limits the possibility of more extension in wheatcultivated area to more than 2.4 million fed in the old land. In addition, water resources and cultivated areas are limited. This reflects the dimension of the problem that shows the need of increasing vertical expansion in new desert area.
Cropping intensity in Egypt accompanied with shortage in fertilization led to a serious depletion of both macro and micronutrients from soil, especially in sandy soil. Magnesium has major physiological and molecular roles in plants, such as being a component of the chlorophyll molecule, a cofactor for many enzymatic processes associated with phosphorylation, dephosphorylation, and the hydrolysis of various compounds, and as a structural stabilizer for various nucleotides. Studies indicate that 15 to 30 % of the total magnesium in plants is associated with the chlorophyll molecule (Marschner, 1995) . Hanna & Abdel Mottaleb (1998) concluded that the Magnesium fertilization as foliar application tended to increase grain, straw yield and 1000-kernel weight, number of grains/spike and grain content of Mg 2+ P, K, and crude protein. El-Amry et al. (2001) reported that maximum grain yield and protein and total carbohydrate contents of wheat grains were obtained with application of 5 -10 kg MgSO 4 /fed. In Egypt, Mg decrease year after year in cultivated soils (Nofal & El-Fouly, 2003 ) may be because, after constructing the High Dame, large quantities of Nile mud, which was renewing soil fertility annually, were decanted in Lake Nasser.
Copper is an essential micronutrient required for the functioning of more than 30 enzymes, all of which are either redox catalysts (e.g., cytochrome oxidase and nitrate reductase) or dioxygen carriers (e.g., haemocyanin). Ziaeian & Malakouti (2001) reported that copper, as well as other micronutrient application, led to significantly increase in their concentration and uptake in grain and flag leaf of wheat. Such nutrient application increased significantly grain protein content. Shaaban (2002) showed that foliar fertilizer feeding containing 5.2 % Mn, 0.65 % Zn and 0.65 % Cu increased the concentration of Mg, Ca, Fe, Mn, Zn and Cu in the leaves of wheat. Zeidan & Nofal (2003) showed that application of copper alone or adding 1% urea caused significant increases in grain protein content, yield and quality of wheat. Karamanos et al. (2004) reported that maximum grain yield of wheat was obtained by foliar application of Cu. Korzeniowska (2008) found that wheat plants after Cu application showed higher N concentration than control plants. Moreover, high correlation between Cu and N concentration in wheat shoots were obtained.
The aim of this study was to evaluate the effect of magnesium sulphate and copper sulphate levels sprayed as foliar applications on growth, yield and quality of grain wheat under sandy soil condition.
Material and Methods
Two field experiments were carried out at Ismailia exp. Sta., Agric. Res. Center, Egypt in 2007 Egypt in /2008 Egypt in and 2008 Egypt in /2009 seasons to study the effect of two levels of copper sulphate and magnesium sulphate on growth, yield and quality of wheat (Triticum aestivum L. cv. Sakha 94). A representative soil sample from the experimental sites (0-30 cm depth) was taken after soil preparation and before fertilization. Physical and chemical characteristics of soil (0 -30 cm depth) are shown in Table 1 . The experimental design was randomize complete block (RCBD) with six replicates.
In both seasons super phosphate (15.5 % P 2 O 5 ) and potassium sulphate (50 % K 2 O) fertilizers were added during preparation of the experimental land at the rate of 37 kg P 2 O 5 /fed and 24 kg K 2 O/fed. Ammonium sulphate (20.6 % N) fertilizer at a rate of 106 kg N/fed was applied as soil application in three equal splits at seeding, 30 and 50 day after sowing in both seasons. Magnesium in form of magnesium sulphate (9 % Mg) and copper in form of copper sulphate (25 % Cu) with mixture of Fe, Mn and Zn micronutrients in form of EDTA 13% Fe, EDTA 13.5% Mn and EDTA 13.5% Zn at a rate of 0.5 g/l from each nutrient were sprayed of in 350 and 400-liter water/fed twice at 45 and 60 days after sowing in both seasons.
Grains (60 kg/fed) of wheat (Triticum aestivum L. cv. Sakha 94) were drilled by hand in rows spaced 20 cm. Plants were irrigated at 6 days interval using sprinkler system. 
Recorded data Growth characteristics
At 75 days after sowing, plants of 25 x 25 cm 2 /plot were taken to determine flag leaf area/plant and dry weight of shoots/unit area. Flag leaf area/plant was calculated using the formula (Length x maximum width x 0.79) according to Voldeng & Simpson (1967) Also, Chlorophyll content (mg/g) was recorded as a mean of 30 random readings. At harvest, plant height, number of tillers/m 2 and straw yield were determined.
Plant elements extraction
Plant shoots at 75 days age and grains after harvesting were dried in a ventilated oven at 70 °C till constant weight. The samples were ground in stainless steel mill with 0.5 mm sieve and kept in plastic containers for chemical analysis to determine the following traits: a. Total nitrogen percentage: was determined using Micro-Kjeldahl method as described by Peter & Young (1980) . Protein content was obtained by multiplying the nitrogen content by 5.8 according to the method described by A.O.A.C. (2000). b. Carbohydrate percentage in grains was measured using the method described by Duis et al. (1956) . c. Macro and micronutrients were extracted as described by Chapman & Pratt (1978) , using atomic absorption spectrophotometer apparatus (Zeiss PMQ3). Phosphorus was measured in the digested solution using vanado-molybdate color reaction, according to the method described by Jackson (1973) . Potassium, calcium and sodium were measured using the Flamephotometer, (Eppendorof, DR Lang).
Yield and its components
At maturity, plants of two square meters /plot were harvested to determine grain and straw yields as well as some agronomic attributes.
Collected data were subjected to the proper statistical analysis according to Snedecor & Cochoran (1967) . Since the data in both seasons took similar trends and variances were homogeneous according to Bartlett's test, the combined analysis of both seasons' data was done. LSD test at 5 % level was used for comparing the numerical averages according to Waller & Duncan (1969) . Correlation coefficients were calculated for yield and yield components using the average among the two seasons.
Results and Discussion

Effect of Magnesium sulphate and copper sulphate foliar application on wheat growth attributes
Data in Table 2 show that all magnesium sulphate and/or copper sulphate levels significantly affected wheat plant height, number of tillers/m 2 , flag leaf area, chlorophyll and total dry weight /m 2 at 75 days after sowing. The increment ranged between 4.14-10.89 % in plant height, 0.49 -21.68 % in tillers/plant, 19-31% in flag leaf area, 7-29 % in chlorophyll content and 22-88 % in total dry weight, over control treatment. The highest increment of the mentioned parameters was recorded with spraying wheat plants by 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed. Positive effect of magnesium and copper sulphate applied as foliar application on wheat growth can be attributed to the important function of copper in plant metabolism since copper participates in photosynthesis and chloroplast development (Amberger, 1974) . Since magnesium is the central atom in the chlorophyll molecule it is essential for photosynthesis and plays a critical role in plant growth. Marschner (1995) and El-Magid et al. (2000) reported that application of Cu at 0.1% with other micronutrients increased the number of shoots/ wheat plants. Kumar et al. (2009) found that production of wheat dry matter enhanced with increasing Cu levels and reached to the maximum at 1.5 MgSO 4 kg/fed.
Yield and its components
Foliar application with magnesium sulphate (MgSO 4 ) and/or copper sulphate (CuSO 4 ) had a significant effect on number of spikes/m 2 , spike length, and number of grains/spike of wheat (Table 3) . Spraying wheat plants with 3.36 kg MgSO 4 + 0.84 kg CuSO 4 /fed produced the greatest increase in spike length as compared with control and other treatments. Meanwhile, the highest number of grains/spike was obtained by application of 6.72 kg MgSO 4 + 0.84 kg CuSO 4 / fed. The highest values for grains weight/spike and 1000-grain weight were determined by 6.72 kg MgSO 4 + 0.84 kg CuSO 4 /fed. High level of copper sulphate (1.68 kg/fed) produced the greatest grain yield and harvest index. The lowest grain yield, harvest index and yield components were resulted from the untreated plants. The increase in grain yield /fed due to copper sulphate and magnesium sulphate treatments can be attributed to the increase in yield components of wheat. The increase in number of grains due to copper sulphate and magnesium sulphate application may be attributed to copper and magnesium efficiency in addition to more fertile-spikelets which ought to be not formed in case of copper and magnesium deficiency.
Such effects of foliar application with MgSO 4 and/or CuSO 4 might be due to their critical role in crop growth, implicated in photosynthesis processes, respiration and other biochemical and physiological activates. These results are similar to those of Zeidan & Nofal (2003) , El-Maghraby (2004) and Kumar et al. (2009) . Whereas, El-Amry et al. (2001) and Hussein (2005) showed that grain yield of wheat plants was affected positively by application of magnesium.
Macronutrient and Micronutrient contents in wheat shoots at 75 days age
Results in Table 4 show that macronutrient concentration in wheat shoots were differed significantly with different treatments. The highest percent of N, P, K, Mg and Ca in wheat shoots were recorded as a result of adding 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed as foliar application. From the above-mentioned results, it could be concluded that MgSO 4 and CuSO 4 application to plants of wheat at 75 days after sowing increased N, P, K, Mg and Ca contents in wheat shoots. The highest N, P, K, Mg and Ca contents in wheat shoots were obtained by spraying wheat plants with 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed at 75 days after sowing. The increase in macronutrient contents may be due to Mg and CuSO 4 plays a major role in photosynthesis. The formation of important synthesates like ATP, ADP, chlorophyll and other pigments, sugar, DNA, RNA,…etc,. Proper magnesium and copper doses increased nutrient contents through proper uptake and assimilation. These results are in agreement with those of El-Magid et al. (2000) , Moussa (2000) , Shaaban (2002) , Abdel-Maguid et al. (2004) , and Korzeniowska (2008) whom found that application of Cu in wheat plants led to the increase of macronutrient contents in wheat shoots. While, Brohi et al. (2000) showed that foliar application of Mg on rice and wheat plants increased the concentrations of macronutrients in plant shoots.
Micronutrient concentrations in wheat shoots were significantly differed according to applied magnesium and copper sulphate rates (Table 4) . It is obvious that the highest Fe, Mn and Zn concentrations were found in wheat plants sprayed with 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed. Meanwhile, the highest Cu content in wheat shoots was obtained from 3.36 kg MgSO 4 + 1.68 kg CuSO 4 /fed application (19.3 ppm). From the above mentioned results, it could be concluded that MgSO 4 and CuSO 4 application to wheat plants increased the contents of Fe, Zn, Mn and Cu in wheat shoots at 75 days after sowing. The obtained results support those of Ibrahim & Shalaby (1994) , El-Badry (1995) , Moussa (2000) , Shaaban (2002) , Abdel-Maguid et al. (2004) and El-Maghraby (2004) with Cu application to wheat plants, while Brohi et al. (2000) found that uptake of all nutrients in wheat straw was higher with Mg application. Grain quality Quality parameters of wheat grains (protein and carbohydrates) showed significant response to magnesium sulphate and/or copper sulphate foliar application treatments (Table 5) . Spraying wheat plants with the mixture of magnesium sulphate and copper sulphate at the higher rate (6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed) resulted in achieving the highest value of grain protein content (14.98 %) compared with other treatments. Magnesium has functions in protein synthesis that can affect the size, structure, and function of chloroplasts (Marschner, 1995) . But, magnesium and copper sufficient levels increased protein content indirectly through its role in nutrients balance in plant tissues. The present results are in the same direction with those reported by Ziaeian & Malakouti (2001) and Zeidan & Nofal (2003) with copper application on wheat plants and El-Amry et al. (2001) and LiXin et al. (2003) with magnesium application on wheat plants. Table 5 , they indicate that 0.84 kg CuSO 4 /fed gave the highest carbohydrate in grains (69.33 %) as compared with untreated plants and other treatments. This indicates that no increase in copper sulphate and magnesium sulphate level more than 0.84 kg CuSO 4 and 3.36 kg MgSO 4 /fed is needed for obtaining high carbohydrate content of grains. Even the contribution of these minerals in photosynthesis and enzymes controlling carbohydrate formation, the minimum requirements of copper and magnesium were enough to accumulate suitable carbohydrate contents. Migahid & Sadek (1994) found that carbohydrate content in wheat plants was significantly increased by copper application. Also, El-Amry et al. (2001) reported that maximum grain total carbohydrate of wheat was obtained by application of MgSO 4 with 5 or 10 kg /fed.
Concerning results in
Grain chemical constituents
Grains contents of N, Mg, Cu and Zn showed significant response to magnesium sulphate and copper sulphate foliar application treatments (Table 5) . Spraying wheat plants with 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed produced the highest increase in grains nitrogen content. Sufficient levels of magnesium and copper increased nitrogen content indirectly through their role in nutrients uptake and balance in plant tissues. The present results are in the same direction with those reported by Ziaeian & Malakouti (2001) and Zeidan & Nofal (2003) with copper application and El- Amry et al. (2001) and Lixin et al. (2003) . From the above mentioned results, it could be concluded that magnesium sulphate and copper sulphate application produced wheat grains with high contents of Mg in the second season and combined analysis of the two seasons. Similar results were also obtained by Hanna & Abdel Mottaleb (1998) who reported that application of magnesium as a soil application increased the grain content of Mg. Brohi et al. (2000) found that application of magnesium increased rice Mg content in grains. Table 5 showed that foliar spray of magnesium sulphate and copper sulphate significantly increased Cu content of wheat grains compared to control treatment. Application of 3.6 kg MgSO 4 + 1.68 kg CuSO 4 /fed and 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed gave the highest grain Cu content (7.50 and 7.90 ppm, respectively). Similar positive effects of wheat copper content of grains were obtained by Ibrahim & Shalaby (1994) and El-Badry (1995) . In contrast, ElMagid et al. (2000) reported that Cu content was declined in wheat grains as the plants received copper.
Data in
Straw chemical constituents
Chemical composition of straw i.e, Mg, Cu and Zn concentrations showed significant response to magnesium sulphate and copper sulphate foliar application treatments (Table 6) From the above-mentioned results, it could be concluded that MgSO 4 and/or CuSO 4 applications increased Mg, Cu and Zn concentration in wheat straw. The positive effect of magnesium sulphate and/or copper sulphate foliar application on Mg, Cu and Zn concentration in wheat straw may be due to copper and magnesium sufficient levels in the plant tissues (Brohi et al., 2000) . Table 7 indicate that correlation coefficients were significant between grain yield/fed and plant height, number of spike/m 2 , spike length, number of grains/spike, grains weight /spike, 1000-grains weight, harvest index, straw yield/fed and grain protein percentage. All of the calculated correlation coefficients were positive. Correlation coefficients were significant and/or highly significant between all studied characters except the correlation coefficients between plant height and each of number of spike/m 2 , spike length, number of grains/spike, grains weight/spike and harvest index and also between harvest index and spike length, number of grains/spike, grains weight/spike, straw yield/fed and grain protein percentage.
Correlation coefficients were not significant between spike length and number of spike /m 2 . In this concern, Rady et al. (1981) and Salem et al. (1990) found that the phenotypic correlation coefficients were highly significant and positive between wheat grain yield and each of spike grains weight, 1000-grains weight, number of grains/spike, number of spikelets/spike and straw yield/feddan. 
Conclusions
From the present work it could be concluded that magnesium sulphate and copper sulphate fertilization is very important for the growth of wheat plants under sandy condition. 6.72 kg MgSO 4 + 1.68 kg CuSO 4 /fed could be used as foliar fertilizer rates to obtain high wheat growth parameters (e.g. leaf flag area, chlorophyll and dry matter accumulation).
